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Abstract 
Log houses are the oldest way to build homes in Northern Europe. Still today, almost all the buildings in many rural villages in 
Finland, Estonia and other countries are log houses. They are a very important part of identity in the built environment. In today’s 
building industry, however, log houses stand mainly for the vacation homes, for the nostalgia in us. In the discussion on energy 
efficient buildings, however, the log house hardly plays any role at all. But there is no reason why log houses wouldn’t work as 
sustainable buildings. Wood is an ideal material for energy efficiency, has a negative carbon footprint and is widely available as 
local material. Therefore, this log house project in a village near Tampere was designed to study the potential of the log house in 
both modern, sustainable architecture and energy efficiency. The log house is built with a double log wall. This way, it is possible 
to reach passive house level insulation with massive wood walls because the double log wall eliminates the usual thermal bridges 
in a wood construction as both walls are load bearing. The biggest challenge is bringing the natural properties of a log house – 
the settling of the wood and lacking air tightness in the joints when the wood dries out – together with the air tightness as the key 
element for energy efficiency and building physics. To reach a reliably airtight envelope, a new method was engineered for 
building the log walls: The inner wall was built first. After that, a vapour barrier was wrapped around it, and only then the outer 
wall was raised. This way, bringing the vapour barrier to its place was not only easy, but also very accurate and safe – the only 
seam in the vapour barrier was bringing together the start and end point. Another challenge is the building physics as the façade 
can’t be ventilated. The insulation lies directly behind the outer wall. WUFI-analysis shows, however, that the wall construction 
is still on the safe side with the moisture. The airtight envelope is an important factor, as is the adaptive vapour barrier that is 
very tight at low relative air humidity and up to 100 times more open at a higher air humidity. The project shows that a log house 
is a truly sustainable building with a low carbon footprint, airtight building envelope and a safe building physics. Together with 
the long tradition in Northern Europe they are worth a deeper view in the field of sustainable building. 
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1. Introduction: Why build a log house? 
The decision of material in architecture is never easy. In my opinion, it should be based on a deep research into 
the subject. In this case, the planning process had for a long time the focus on the site-specific analysis. Material 
choice was based on the local built environment. The village of Aitolahti, near Tampere, is a rural site. There are still 
many farms in the neighbourhood. Almost all the old buildings in the village are log houses, very modest but at the 
same time they have a strong expression that I am very keen on. Wooden logs as material would integrate this small 
house into its environment and thus carry a common identity although this house is in many ways a contemporary 
building. Carrying the log house tradition into the building tradition of our age would be highly interesting not only 
for architects and the log house industry but also for matching the challenge of the climate change as wood is a 
widely available local material with a negative carbon footprint. 
 
 
 
Fig. 1. Floor plan of the house with a double log wall. 
 
2. Updating the log house details 
It is important for me to emphasize that for an architect, the aesthetics, and thus the material, too, have a priority, 
then come energy efficiency and building physics. Even though we speak today mainly about the energy efficiency, 
buildings mustn’t lose their aesthetic value. There is an aesthetic sustainability, too. The biggest challenge for 
architecture remains taking both aesthetics and energy efficiency into account, i.e. planning both beautiful and 
energy efficient buildings. In this case, the will to use the log house structure was the driving force for my curiosity 
to know and get more out of the material and make it match the challenges of today’s cost and energy efficiency. 
2.1. The chances and challenges of log houses in today’s building industry 
In today’s world, log houses certainly have a nostalgic touch. As a consequence, new built log houses are mainly 
vacation homes. In the world of rising building costs it is no wonder that log houses are losing ground as building 
just the frame out of wood and insulating the gaps is far more cost- and energy efficient. For an architect, however, 
log houses remain attractive – there is a big haptic difference between a real massive wooden wall and a wooden 
frame plated with gypsum boards. Another clear benefit of log houses is that you can build monolithic walls that 
have no moisture problems. There is an economic interest, too. The log house industry is very important for Finland. 
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Therefore, the Finnish building code allows an exception for the U-values of a log house. They can be as high as 0,6 
W/(m2K) if you compensate the heat losses in other parts of the building envelope. This means a wall thickness of 
ca. 180 mm. However, it is unquestionable that monolithic log houses lack the energy efficiency needed in nearly 
zero energy buildings. 
 
Fig. 2. Improved double log wall edge – the inner wall is built first, then the airtight membrane put into place, and finally the outer wall is built. 
2.2. An insulated double log wall 
A potentially feasible solution offers an insulated double log wall, both aesthetically and in terms of cost 
efficiency. It is a structure used in Middle Europe since at least 40 years. There is an inner wall and an outer wall 
and the gap is filled with insulation material. The clear benefit of the solution is that you get passive house level U-
values with massive wooden walls at a regular wall thickness, in this case 400 mm (70 mm spruce, 260 mm 
insulation, 70 mm spruce). The U-value of the wall is 0.128 W/(m2K). Figure 1 shows the floor plan of the house 
with the double log wall, figure 2 the solution in more detail. 
2.3. Potential problems and the lacking discussion 
Although there are no known moisture problems in the built houses, there is a clear conflict in the building 
physics as there is no ventilation gap between the insulation and the external cladding. This means that moisture in 
the insulation layer will dry extremely slowly. Another problem is the traditionally weak air tightness of the log 
house that allows air leakage and thus moisture transport into the insulation layer. 
There is very little, if any, research material on this topic nor discussions in special publications. The only article 
I could find was published in “Blockhome”, a German magazine on log houses. The article “Tauwasser beachten?” 
describes the condensation water problem in insulated log walls. However, there are no moisture simulations 
published. Therefore, a scientific prove is lacking. The only recommendation made was on insulation material. As 
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with the double log wall the moisture that gets into the insulation layer can only dry very slowly, the article 
recommends using insulation material that is able to absorb moisture. As suitable materials, cork, wood fibre and 
cellulose were recommended. Despite the lacking research on the subject, part of the log house industry in Middle 
Europe seems to be aware of the moisture problem as they use less mould sensitive insulation materials like cork 
granulate or perlite in a double log wall. On the other hand, the majority of the companies continue using wood fibre 
and cellulose as insulation material. 
2.4. Addressing the air tightness of the log house envelope 
In the first step in optimizing the double wall log in term of building physics, the aim is to minimize the moisture 
transported into the construction. Most obviously, problems in the air tightness of the building envelope result in a 
higher moisture transport into the insulation layer. So far, one problem of the double log wall in terms of making it 
airtight is the fact that the inner and the outer wall are woven together at least in the edges. This makes it impossible 
to ensure the airtightness in the edges. Therefore, the details were redesigned. The logs of the inner wall aren’t 
connected to the outer wall any more (figure 2). The idea was to build the inner wall first, then wrap it in an airtight 
membrane, and only then build the outer wall. The vapour retarding and airtightness membrane used has a variable 
sd-value between 0.25 and 25 m. As the membrane is three meters high, putting the membrane into place was very 
easy, accurate and safe – the only seam is between the start and end point of the membrane. This way, the inner wall 
is not only much air tighter than a regular log wall, the entire wall also has a higher moisture resistance on the inside 
than on the outside. But would that be enough? For that, an analysis of the moisture transport in the wall structure 
was made. 
 
3. Analysing the moisture transport 
3.1. Setting the parameters 
The moisture transport in the wall structure was analysed using WUFI software, with following parameters used: 
x Climate: Espoo/VTT 
x Direction: north 
x Adhering fraction of rain: 0.7 (standard WUFI value depending on inclination of component) 
x Initial relative humidity: 0.8 
x Initial temperature in component: 20 °C 
x Calculation period: 5 years 
x Monitoring positions were set at the outer edge of the outer wall, in the middle of the outer wall, at the edge of 
outer wall and the cellulose insulation, in the middle of the cellulose insulation, at the edge of the cellulose 
insulation and the inner wall, in the middle of the inner wall and at the inner edge of the inner wall 
 
To get a better picture of the influence of the chosen parameters and to evaluate different conditions, following 
four cases were calculated and analysed: 
x Case 1: Structure as built: airtight membrane, no convection moisture into the wall 
x Case 2: As case 1, but 201g/m2 convective moisture into the wall (complying with q50 value of 5 m3/hm2) 
x Case 3: no airtightness membrane, no convection moisture into the wall 
x Case 4: As case 3, but 201g/m2 convective moisture into the wall (complying with q50 value of 5 m3/hm2) 
 
This way, case 1 represents the ideal situation. The comparison of case 1 with case 3 shows the performance of 
the vapour retarding membrane, the comparison of case 1 with case 2 the influence of lacking air tightness of the 
inner wall. Case 4 shows the “worst case scenario”, with no extra moisture resistance on the inside and convective 
moisture entering the insulation layer. 
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3.2. Results 
The results of the WUFI simulations (table 1) show a clear drying tendency over the calculation period in all the 
four analysed cases. So far, the results are positive. The influence of the airtightness and vapour retarding membrane 
is visible, but not very significant, at least at the first sight. The lack of a vapour retarding membrane (case 3) causes 
a slightly higher moisture level in the insulation layer than the lacking air tightness (case 2). 
 
     Table 1. Water content in layer (kg/m3) an the beginning and the end of the calculation period 
Case 
Component 
1 
outer 
wall 
 
insulation 
 
inner 
wall 
2 
outer 
wall 
 
insulation 
 
inner 
wall 
3 
outer 
wall 
 
insulation 
 
inner 
wall 
4 
outer 
wall 
 
insulation 
 
inner 
wall 
Beginning 55,83 7,90 55,83 55,83 7,90 55,83 55,83 7,90 55,83 55,83 7,90 55,83 
End 55,18 5,64 20,22 54,97 5,74 20,49 56,49 5,76 20,44 56,04 5,84 20,93 
 
 
The aspect that is more concerning is the risk of mould. In the monitoring position at the edge between the outer 
wall and the insulation the moisture is rather high. In the middle of the outer wall log, there is a somewhat similar 
situation. The relative humidity at this point reaches 0.9 and more during the first year(s) of the calculation period 
over the winter. To evaluate the real risk of mould, one has to compare the relative humidity with the temperatures 
of the layer. 
Putting the results into a mould risk graph for wood material (by Hukka & Viitanen), the results show visible 
differences in the mould risk between the different calculation cases (Fig. 3). The points marked in the graph show 
the first condition where the level of humidity is reached at certain temperature in the first year of calculation. In 
general, the shown moisture level occurs more frequently at lower temperature. Case 1 is relatively risk free, 
although the development of mould is still possible. But the humidity doesn’t even touch the area where the mould 
would need a period of eight weeks to develop. Case 2 is quite similar to case 1. With case 3, the problems start to 
increase and continue to rise with case 4. But even then, the time needed for the mould to develop would be much 
more than four weeks. The results suggest that the chosen structure is rather on the safe side, especially when taking 
into account that the cellulose insulation that is planned to use in this house include borates to avoid mould. 
3.3. Reliability of the results 
Setting the parameters for the wall materials turned out to be quite decisive for the results, especially the moisture 
depending water vapour diffusion resistance factor. The chosen material (spruce from WUFI’s North America 
database) has a nominal μ-value of 552 at RH 0.0 and 3.7 at RH 1.0. For the more usual conditions the values are 
113 at RH 0.8 and 12.8 at RH 0.8. The WUFI databases offer materials that show significant differences in the 
moisture depending water vapour diffusion resistance factor. Changing the material can result in totally different 
moisture levels that would also increase the mould risk significantly. As a consequence, the results have to be 
regarded as somewhat theoretical. A more thorough analysis of the building physics of the double log wall should 
include monitoring the humidity level in a built wall, ideally in several walls to also monitor the significance of 
wind-driven rain on the wall surface. 
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Fig. 3. WUFI-results in a mould risk graph 
4. Conclusions 
The positive of the WUFI analysis is that the construction shows a clearly drying tendency over the calculation 
period. The risk of mould, however, can’t be ruled out completely as the results rely on the parameters of the 
material used. Therefore, a further analysis of the double log wall should be carried out by monitoring built walls. 
The use of a vapour retarding and airtightness membrane is recommended in any case to enhance the function of the 
wall, as is the use of insulation material that includes borates to avoid the mould risk. If the monitoring proves the 
WUFI results the double log wall can be seen as an interesting blueprint for future energy efficient buildings. This 
would enable carrying on a long building tradition into the future and create identity that is widely present in the 
Nordic countries. 
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